Purpose The purpose of this study is to examine the relationship between body image and depressive symptoms in patients who have been treated for head and neck cancer. Methods This is a prospective, longitudinal analysis. Body image and depressive symptoms were measured in patients diagnosed with head and neck cancer at baseline, end of treatment, 6 weeks post-treatment, and 12 weeks posttreatment. Body image was measured using the Body Image Quality of Life Inventory, and depressive symptoms were measured using the Center for Epidemiological Studies Depression Scale. Results Forty-three individuals diagnosed with head and neck cancer participated in this study. The majority of participants were male, Caucasian, and married or living with a partner. Participants ranged from age 32 to 78 years (M=57.8 years, SD=10.5 years). At 12 weeks post-treatment, body image scores were statistically significantly higher than they were at the end of treatment (p=0.016) and 6 weeks post-treatment (p=0.032). Statistically significant increases in levels of depressive symptoms were observed at the end of treatment (p<0.001) and 6 weeks post-treatment (p=0.036) with a return to baseline by the 12-week post-treatment assessment (p=0.115). Body image and depressive symptoms were statistically significantly associated at the end of treatment, 6 weeks post-treatment, and 12 weeks post-treatment (r s −0.32 to −0.56, p<0.05).
Introduction

Background
Patients with head and neck cancer (HNC) have a high potential for body image disturbance, given the highly visible location of the disease and targeted treatments, both of which can cause significant disfigurement. Body image can be described as the subjective picture of one's own physical appearance established by both self-observation and by noting the reactions of others [1] . Changes in body image can occur for a variety of reasons. In order to understand body image in patients with HNC, body image must be discussed with an appreciation of associated factors [2] . Body image disturbance, specifically in head and neck cancer patients, is a multidimensional concept that may include disfigurement, psychological distress, and a loss of function [2] . Disfigurement is often considered in the context of body image disturbance experienced by patients with HNC. For example, individuals with HNC-related disfigurement have a visibly changed appearance and shape related to the disease or its treatment. Disfigurement, however, is distinguishable from body image disturbance as it refers to something that spoils the appearance or completeness of a person and is not necessarily an individual's subjective picture of themselves [3] . Disfigurement in patients with HNC may be caused by surgery or radiation therapy. Surgical excision of a tumor may involve removal of nerves, vasculature, soft tissue, and bone [4] . Extensive resections may result in highly visible surgical incisions, changes in facial shape, and alterations in the ability to elicit facial expressions critical to normal non-verbal communication [4] . Patients may require bone grafting, skin grafting, free or pedicle flaps, and metal hardware for reconstruction [4] . Although these techniques may lessen the disfigurement, they are potentially disturbing to patients. Surgical procedures that are particularly psychologically intrusive include total laryngectomy, orbital exenteration, and midface resection that extirpates the nose [4] .
Although less well studied, radiation therapy also may affect physical appearance. Radiation therapy may result in tissue swelling (lymphedema) and fibrosis [4] . These processes affect normal tissue contours causing changes in facial features, pigmentation, and facial asymmetry. Lymphedema, and the potential for facial disfigurement, is more prevalent than previously thought. For example, 75.3 % of 81 HNC patients had some form of late-effect lymphedema [5] . Radiation may result in alteration of skin texture, color, and elasticity [4] . This is prominent in African-Americans where radiation may dramatically contribute to discoloration within the radiation port. Radiation also may result in salivary gland hypofunction and subsequent development of dental carries [4] . A high percentage of patients with radiation-induced dental carries will require dental extraction [4] . Loss of teeth may lead to marked alterations in appearance and asymmetry. Although the use of dentures may ameliorate this problem, hyposalivation leads to decreased use of dentures because of discomfort and poor retention [4] . Thus, standard treatment modalities for HNC place patients at high risk for facial disfigurement and resultant disturbed body image.
Although disturbed body image has been associated with depression prior to treatment in a cross-sectional study of patients with HNC [6] , it is important to examine body image and depressive symptoms in this population after treatment has been completed. In addition, several studies have shown that psychosocial distress occurs for some patients treated for HNC after treatment [7] [8] [9] . One of the more common symptoms of psychosocial distress is depression. Depressed affect, lack of positive affect, somatic activity, and interpersonal aspects of depression are four categories of depressive symptoms. The presence of these symptoms does not necessarily indicate that an individual has clinical depression. The presence of multiple symptoms, however, indicates further evaluation of an individual for depression may be warranted. Although not studied in this population, one possible explanation for the depression experienced by patients is the feelings of loss associated with a changed appearance.
Few studies are available that examine the potential relationship between body image and depressive symptoms in patients who had been treated for HNC. Studying the potential relationship between these variables could provide evidence for timely assessment of body image and depressive symptoms as well as prompt early intervention when needed. It is also important to examine the differences in body image in patients who have varying levels of baseline depressive symptoms. Information regarding the relationship between body image and depressive symptoms is needed to better inform the clinical practice of health care professionals working with patients with HNC.
Purpose
The purpose of this study is to examine the relationship between body image and depressive symptoms in patients who have been treated for HNC. The conceptual framework utilized for this study has been previously described [2] and is shown in Fig. 1 [2] . Although not examined in this paper, this hypothesized conceptual framework shows the possible influence of patient characteristics such as age, gender, previous body image experiences, social factors such as marital status and other support systems, and environmental factors such as culture and community on body image. It also proposes that various social outcomes, psychological outcomes, and overall quality of life will be influenced by body image. Based on this framework, it is hypothesized that individuals with greater depressive symptoms will also have poorer body image.
Materials and methods
This is a secondary analysis of data obtained during the conduct of a larger primary study designed to examine the development, nature, progression, and prevalence of late- Fig. 1 Conceptual framework for understanding body image in patients with head and neck cancer [2] effect fibrosis and/or lymphedema as well as biological correlates and psychological stressors in patients with HNC. For this secondary analysis, the authors examined the relationship between body image and depressive symptoms in patients with HNC prior to treatment, at the end of treatment, as well as 6 and 12 weeks post-treatment.
Sample
For the primary study, 100 participants were recruited over 25 months from newly diagnosed patients with HNC undergoing treatment at Vanderbilt-Ingram Cancer Center (VICC). Of the 100 subjects enrolled in the parent study, a convenience subsample of 50 participants was followed prospectively in this substudy. Enrolled participants had to meet the following eligibility criteria: (1) newly diagnosed, histologically proven carcinoma involving the head and neck; (2) stage II tumor or greater; (3) age 21 or older; (4) willing and able to undergo baseline and follow-up assessment at the VICC; and (5) able to speak English. Exclusion criteria for continuation in the study included the following: (1) documented cognitive impairment that would preclude the ability to provide informed consent; (2) unwilling to undergo routine follow-up at the VICC; and (3) recurrent cancer. No restriction was placed on the type of treatment participants received for inclusion in the study.
Procedure
All study protocols were approved by the Vanderbilt Institutional Review Board and the VICC Scientific Review Committee. For the primary study, participants provided informed consent prior to beginning treatment for HNC. After providing informed consent, participants completed study measures at specified intervals, baseline (prior to radiation and/or chemotherapy), end of HNC treatment, 6 weeks post-treatment, and 12 weeks post-treatment. Demographic and medical history information as well as disease and treatment characteristics were also collected with permission from the participant's medical record.
Measures
Demographic and clinical information included age, gender, race, highest grade of education, marital status, employment status, residence, smoking history, alcohol history, insurance, medical problems, and household income. Disease and treatment information included diagnosis date, type of tumor, stage, surgery characteristics, radiation therapy details, and chemotherapy details.
Body image was measured using the Body Image Quality of Life Inventory (BIQLI). The BIQLI was developed to quantify the effects of one's own body image on various self-experiences and life contexts [10] . The BIQLI is a 19-item instrument whose items reflect domains or contexts in which body image has been found to be consequential [10] . Participants rate the impact of their own body image on each of the 19 areas, using a 7-point bipolar scale from −3 to +3, thereby permitting reports of negative, positive, or no impact [10] . Overall impact of body image can be determined by averaging the scores of all items. Initial validation of this instrument in healthy individuals revealed a Cronbach's alpha of 0.95 [10] . The Cronbach's alpha of the scores in this study was 0.97.
Depressive symptoms were measured using the Center for Epidemiological Studies Depression Scale (CES-D). The CES-D is a 20-item instrument that was designed to measure current level of depressive symptomatology, with emphasis on the affective component, depressed mood [11] . The symptoms are among those on which a diagnosis of clinical depression is based but which may also accompany other diagnoses to some degree [11] . Each item is scored 0 "less than 1 day," 1 "some or a little of the time (1-2 days)," 2 "occasionally or a moderate amount of time (3-4 days)," or 3 "most or all of the time (5-7 days)" [11] . Four items are reverse scored [11] . Subsequently, the individual item scores are summed to arrive at a total score ranging from 0 to 60, with higher scores indicating more depressive symptoms. For the purposes of this study, participants who scored a total of ≥19 met criteria for further evaluation, and a referral was made to the participant's medical oncologist.
Data analysis
Analyses were conducted using SPSS version 22. Frequency distributions were used to summarize the nominal-and ordinal-level demographic and clinical variables, as well as the proportion of individuals above or below the clinically significant level of depressive symptoms on the CES-D. Means and standard deviations summarized the normally distributed age and Body Image Quality of Life Inventory (BIQLI) scores. The CES-D distributions were positively skewed and thus summarized using medians, as well as 25th to 75th interquartile ranges (IQR). Group-level patterns of change in BIQLI and CES-D from baseline to 12 weeks post-treatment were investigated using mixed level general linear models (GLM) incorporating generalized estimating equations (GEE). Spearman Rho correlations were used to generate the associations between the BIQLI and CES-D raw scores. Furthermore, BIQLI and CES-D score trajectories were generated for each individual. The linear and quadratic (change in linear slope) values of each individual's set of BIQLI and CES-D trajectories were then correlated using Spearman Rho coefficients. Spearman Rho correlations were also used to correlate the linear and quadratic descriptors of individual BIQLI and CES-D with baseline CES-D scores. Tests of statistical significance maintained a maximum alpha of 0.05 (p<0.05).
Results
Fifty participants were recruited from the primary study for completion of the additional body image measures. For inclusion in the analysis sample for this study, the participant needed to have completed the BIQLI and CES-D measures at baseline and at least two of the possible three subsequent assessments between end of treatment and 12 weeks posttreatment. Of those 50 enrolled participants, 43 met those analysis requirements and are reported on below. There were no clinically significant and only one statistically significant difference in the characteristics or the baseline CES-D/BIQLI scores of those included in the analysis sample and those not (N=7). None of the seven (100 %) had any type of neck dissection, while 61 % (N=26 of 43) did have a dissection surgery (p=0.041).
Sample characteristics
Demographic characteristics of the sample (N=43) are shown in Table 1 . Participants ranged from age 32 to 78 years (M= 57.8 years, SD=10.5 years). The majority of participants were male (n=31, 72 %), Caucasian (n=39, 91 %), and married or living with a partner (n=36, 84 %). Most participants had at least a high school education (n=38, 88 %), and 42 % (n=18) were employed full time at the beginning of the study. The majority of participants had a history of tobacco use (n=29, 58 %) and alcohol use (n=25, 58 %). Approximately one third of participants had an annual household of less than or equal to $30,000 (n=14, 32 %).
The disease and treatment characteristics are summarized in Table 2 . The most frequent tumor location for participants was the oropharynx (n=18, 42 %). The majority of participants had tumor stage of stage III or above (n=41, 95 %). Although individuals with stage I tumors were excluded from this study because of significant differences in the standard course of treatment, one individual's initial pathology was graded as stage II and later reversed to stage I after participation in the study had begun. Most participants had a squamous cell carcinoma type of tumor (n=34, 79 %), and 40 % (n=17) had an HPV-related tumor. All participants had undergone some type of radiation treatment, and the majority had concurrent chemotherapy (n=42, 98 %). Forty-nine percent of participants (n=21) had surgery as part of their treatment, and of those, the most common surgical procedure was a radical neck dissection (n=17, 81 %). Almost half of the participants had a PEG tube at some point after the end of treatment (n=20, 47 %).
Body image and depressive symptoms BIQLI scores at each respective time of assessment are summarized in Table 3 . Median body image for the sample was positive at each assessment point; however, there were participants with negative body image scores at each assessment point. There was a statistically significant quadratic pattern of change between baseline and 6-12 weeks post-treatment (Wald Χ 2 (df=3) =8.22, p=0.042). At 12 weeks post-treatment, body image scores were statistically significantly higher than they were at the end of treatment (p=0.016) and 6 weeks posttreatment (p=0.032), as well as within the range of those observed at baseline (p=0.085) (see Fig. 2 ). CES-D scores at baseline and each time of assessment up to 12 weeks post-treatment are also summarized in Table 3 . As a whole, depressive symptoms were relatively low at baseline (median=10.0), almost doubling by the end of treatment (median=17.0) with a gradual subsequent decrease. While this overall pattern over the course of treatment was not statistically significant, there was a statistically significant interaction effect of time of assessment with the level of depressive symptoms at baseline (Wald Χ 2 (df=7) =17.80, p=0.013, see Fig. 2 ). Within the set of participants who had baseline CES-D scores above the clinically significant level of 19 (N=11, 25.6 %), there was a statistically significant quadratic effect of treatment (Wald Χ 2 (df=3) =25.28, p<0.001). Statistically significant increases in levels of depressive symptoms were observed at the end of treatment (p<0.001) and 6 weeks post-treatment (p=0.036) with a return to baseline by the 12-week post-treatment assessment (p=0.115). Mirroring the pattern observed with the BIQLI scores, statistically significant increases in levels of depressive symptoms were observed at the end of treatment (p<0.001) and 6 weeks post-treatment (p=0.036) with a return to baseline by the 12-week post-treatment assessment (p=0.115). Within the group without clinically significant depressive symptoms at baseline (CES-D<19, N=32, 74.4 %), there was no statistically significant change in those symptom levels throughout the study time period (Wald Χ 2 (df=3) =3.27, p=0.352). Overall associations between body image and depressive symptoms at each time of assessment are shown in Table 4 . Other than at baseline, the associations were inverse and statistically significant (r s −0.32 to −0.56, p<0.05). As shown in Fig. 2 , it appears that particularly in those participants with initially low levels of baseline depressive symptoms, the trajectory patterns of BIQLI and CES-D were mirror images of each other. To test this hypothesis, each participant's trajectory was modeled to arrive at the best fit linear and quadratic component for that particular trajectory. If a person's trajectory was best modeled as a straight line (e.g., high at the beginning and decreasing at each time of assessment), then the equation for that line would contain a large linear value but a very small quadratic value. On the other hand, if a person's trajectory was "U" or "inverse U" shaped, then the linear value for their line might be rather small but the quadratic component would be rather large. Subsequently, the linear and Every case had to have a baseline score and either a 6 weeks or 12 weeks post-treatment score for inclusion in the analysis (N=43). As can be seen, most cases had both assessments
EOT end of treatment a Criteria for further evaluation quadratic values for the BIQLI trajectories were correlated with the respective linear and quadratic values for the CES-D trajectories. We expected that a linearly decreasing trajectory of depressive symptoms would be associated with a linearly increasing trajectory for body image (and vice versa). This hypothesis was confirmed. A statistically significant inverse correlation was observed between the linear components of each trajectory (r s −0.45, p=0.002). Furthermore, evidence for the "lock step" quadratic patterns of the two variables, particularly observed in the participants with low baseline CES-D scores, the correlation between the quadratic components of those trajectories was also statistically significant (r s −0.39, p=0.010).
Discussion
This paper examined the relationship between body image and depressive symptoms in patients who have been treated for HNC. Body image and depressive symptoms were significantly inversely associated at the end of treatment, 6 weeks post-treatment, and 12 weeks post-treatment.
Sample
Demographic characteristics in this study were similar to that of other studies reported in the literature as well as that of the population [4, 6, [12] [13] [14] [15] [16] .
Body image and depressive symptoms
A previous cross-sectional study of pretreatment body image in patients with HNC showed low body image concerns [6] . Similarly, median body image for the sample in this study was positive at baseline. Although median body image for the sample was positive at each assessment point, there were participants with negative body image scores at each assessment point indicating that body image is problematic for some patients with HNC. No known studies have assessed body image in patients with HNC longitudinally utilizing a body imagespecific measure [2] . However, one retrospective post-treatment study indicated that patients treated for HNC are less satisfied with their appearance after treatment [17] . This finding is similar to our study findings that end-of-treatment body image scores were statistically significantly poorer than those at 6 and 12 weeks post-treatment. Our unique longitudinal study showed the change in body image over time in patients recovering from HNC treatment. Body image scores were statistically significantly higher at 12 weeks post-treatment than they were at the end of treatment as well as 6 weeks post-treatment, indicating that the time between the end of treatment and 12 weeks posttreatment is a critical time for body image improvement. The exact reasons for the timing of this improvement are unknown, but it could be that as patients with HNC complete treatment, their body image improves as a result of their reintegration into a Values in the cells are Spearman's Rho correlations (p value) more "normal" or an adaptation to a "new normal" life. This reintegration is thought to be moderated by a number of factors and is broadly depicted in the conceptual framework used for this study. Identification of specific factors that affect body image in the recovery period for patients with HNC is needed to further refine this framework.
There is limited longitudinal data on depressive symptoms in patients with HNC. An Australian study that assessed patients at baseline, end of treatment, and 18 months posttreatment found that the number of depressed patients increased from baseline to the end of treatment and decreased at 18 months post-treatment [8] . Similarly, a Chinese study that assessed patients with HNC at baseline, during treatment, and 3 months and 6 months post-treatment also showed a decrease in mood disturbance as patients progressed through those assessment points [18] . Our study had similar findings in that depressive symptoms were the greatest at the end of treatment with a subsequent decrease at 6 and 12 weeks posttreatment. This is the only known longitudinal study conducted in the USA to examine depressive symptoms in patients with HNC using the CES-D.
Our findings reflect the intensity of HNC treatment experienced by many participants. It is not surprising that depressive symptoms are the greatest and body image is poorest at a time when participants have just completed concurrent chemoradiation, given the unrelenting physical and emotional burden of this treatment. Although a few studies have examined the relationship between body image and psychological distress or well-being, no known studies have evaluated the relationship between body image and depressive symptoms in patients with HNC. Thus, our study identified that an increase in depressive symptoms was consistently associated with poorer body image (Table 4) . These findings are similar to Fingeret et al.'s [6] study where poorer body image was associated with psychological distress (BSI-18) and Fingeret et al.'s [12] study where poorer body image was associated decreased well-being. Additionally, supporting the association of body image and depressive symptoms, the trajectory patterns of body image and depressive symptoms in this study were mirror images of each other. The association of these variables also supports the conceptual framework by describing the nature of the relationship between body image and depressive symptoms. The identification of this relationship indicates that body image and depressive symptoms are linked, even months after treatment.
Strengths
The demographics of the sample used for this study suggest that participants are representative of patients with HNC with respect to the characteristics mentioned above. This study is the first known study to examine the relationship between body image and depressive symptoms longitudinally in the HNC disease/treatment/recovery trajectory. Additionally, body image and depressive symptoms have been described for participants at similar time points in the HNC disease/ treatment/recovery trajectory, thus yielding important clinical information about patients with HNC, particularly in the 12 weeks following the end of treatment.
Limitations
The small sample size of this study and variation in treatment modalities are notable limitations. Although the sample was demographically similar to that of other studies, the changing demographics of patients with HNC make it important to include younger patients and females in research studies, particularly those assessing supportive care issues in future studies. Another limitation of this study is that causality is not established. It is unclear at this time whether poorer body image influences depressive symptoms or whether an increased number of depressive symptoms contribute to poorer body image. It is also unclear if depressive symptoms are an outcome of poorer body image or if poorer body image is an outcome of an increase in depressive symptoms. It is, however, clear that body image and depressive symptoms are associated in patients with HNC. Additionally, clarifying the directionality of this relationship and identifying specific moderating variables will also enhance the conceptual framework.
Clinical implications
The new findings from this study further support early assessment of body image in patients with HNC. Because patients with poorer baseline body image also have higher levels of depressive symptoms, it is important that these patients be identified early and monitored for changes throughout the recovery period. Additionally, the association between poorer body image and depressive symptoms is key in understanding the symptom clusters that patients with HNC experience. Identifying poor body image and the presence of depressive symptoms early increases the likelihood of effective intervention.
Future research
Future research is needed to clarify the directionality of the relationship between body image and depressive symptoms. In addition, clarifying the impact of patient characteristics, social factors, and environmental factors on an individual's body image will assist researchers in predicting which patients might have poorer body image. Future research is also needed to examine other concepts or factors associated with body image in this population. A better understanding of body image and the associated factors in patients with HNC will inform the development of targeted interventions that have the potential to increase overall well-being in this patient population.
